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‘J’lic Slluttlc  imaging Radar- C(SII{T C) is a synthetic. aperture radar(SAl{)  desigllcd  to fly 011 the Space
Shuttle as a ])ayload imtrulncnt  in tl)c Slluttlc  l{adar l,aboratoly(SILl,).  ‘J’o fly togctllcr  with SII{-C arc the
(;cll~~all/ltaliaIl  X-band  SA I{(X-SAl{) and the l)ata l’roc.cssinf;  SubsysteJn (1)1’S), built hy the Applied
l’llysics  l,abo]  atoly of Joll]l lIo])kil~s lJllivcrsity. ‘1’llc first lnissio]l  is sc.lLcdulcd ill Inid-A])ril,  1994,  for an
8-day duration, wit]) o]lc follow-u]) ]nissioli  ill ])la?lni]lg. ‘J’IIc i]lstrumcIlt  itself - its i]lhcrita]icc,  mission
])rofi]c,  ])otcntial  sc.icntific  aclva]iccs,  dcsig]l  and pclforma]icc  - has been ])ublishcd carlicr1~2. hfiost  IIotablc
of SIIL-C dcxigll  features from tl]c scicncc  data acquisition vicwl)oint  arc:

a l)u.al  frcquclic.y  (1,-band at 1250hJ11z  and C- band at 5300hlllz,  ) and full polarization (1111, IIV,
V]], a]]d VV; 11 for IIorizolital  and V for vertical) data acquisition, ])rovidillg  co]n})lctc })olarimctric
sc.attcrinr; information i n two flcqucjlcics;

c Ac.tivc ]]llascd array  alitc]ina,  enabling antclllla beam slml)illg;  a]ld stcclillg  for flexibility in ground
c.ovmagc and target pointing;

~ Sclcc.ta.blc  sigll:il  bandwidth (1 0h4 IIz and 20h411z) for difl’ercllt  resolution al~d swat]l  widt]l;

~ Multi]Jc  ]’]{.]!’ ((])uIsc  rc])ctitioll frequcllcy) operation  for rcsolvi]lg;  azimut]i al[lhiguitics 3 , lcadillg  to
im])rovcd sig,llal  to ]Ioisc ratio (S NI{) and image registratio]l;

6 Variable data window sclcctiol L, for better targeting and coln})cnsating for Slluttlc  orbit drift;

al IIlcvatioll bcaln IIUII o])cration,  cnaljlillg tllc dctcrmillatioll  of alltclllla l>cal[l  ])oillti]lp,  for radiomctric
rcIIloval  of antenna  patterns;

~ ]Iuilt-ill ca]il)ratic)n  scqucnccs,  ])rovidillg  cllginccrillg  data fo] lnorc quantitative assessment of instru  -
lllcnt ]Iea]tli during; t]lc mission and post- InissioIl  data c.a]ibratio]i.

111 addition  to these “l)asclille”  features, tllc ])wscllt SII{-C dcsip,ll IIas illcor])oratcd  so][lc “cx])clilllclll,al”
features. ‘1’IICSC  i nc] udc

a Azilnutil  t]acking  for s])c)tligllt  SA1{ c)]~clatioll  at u]) to 33 azillltltll  ])oilltillg allglcs;

a, Sca II SA]{ o])c]zitic)n  for widcl  swat]l  covcrq,c with u]) to 4 diflcrcllt c]cvatioll  ~JIglcs;

a, lllt{’rfcloll~(’tric  alolig;-track  SAI{ o])cration (C-band VV ])olarizatiol~ only);

C, 40M]]Z  sig]la]  [Jalldwidt]l  f o r  t]}c fiIIcst ]csc)lutjo]l a~’ai]ab]c  ( d a t a  rate ]illlitcd).



.’ . .

wj~]l ~]lCSC! fCatl.lIC!S  jJl tllC df2SjgIl, S]]{-C by i~sdf is a dClllOIlstl’atjOll  Of s])a~~~)o]”ll~>  I’adal  tcc.]ll,o]o~},,
SA 1{ LCC.III101OE;Y in I)artic.ular, accumulated over the past dccaclc.  l{;ach of tlicsc features contributes to the
c.oln])lcxit.y  of SIR-C design, which in turn Imscs a sip; nificallt challcng;e  to the illteg;ratioll  and test ])roccss
by wllic.h l,llc  SII{-C instrument will bc verified and its })crformallcc  c.crtificd.

‘J’lIc ])a]m is organi~,cd  as follows. Scc.tio]l  2 ])rcsclits  so]nc SIR-C fcatum that  were l(c)t elaborated 01

l)rcsc]ltd  in the ])rcvious  pa]ms]  ’?. ‘J’llcsc  s~)ccial  fcaturcsj  as will Lmomc  clear later, IIavc C.OIlsidcrab]c

ilnpac.ts o]i tlic design of the electronic ground support cquipmcwt  (1’; GS1’;). %ction  3 dcsc.ribcs  t,hc S]]{. C
c]cctrollics  systcln  level integration and test (l&’J’) ])roc.css, Wit]l cln])]lasis  on tl]c I’;GSI’;  wllicll  su])ports
tllc systcm lCVCI tcsti]g. As is true  with ally IK;SII;, the SIR-C lI;GSI:  is custom dcsig]lcd  for the SII{-C
illstru  JncIlt. ‘J’lic l’;(;  S1; dcsig;n  features, tlicrcforc, will bc ]wcscntcd  in the context of SIR-C  I&,’J’. ‘J’hc
dcsigll  a])])  roac.11, llcwcvcr, is a])plicablc  to ally radar  I& ’J’ ])rograll]  in g,cllcral.  Section 4 prcscwts so]nc of
tlIc latest  test. results alld tllc illstrult~cllt  performance update. %ctio]l 5 is tile c.ollclusioll.

2 .  SOME SIIL-C  IN S’J’ILLJMEN’J’  l’lI;A’J’lJIO;S

‘J’IIc SIR-C flight instrument is sliown  ill l’i~urc 1, tog,cthcr with t,hc II; GSII; under a gcllcralizccl  system
Lest configuration. l[n this section, wc ])rcscllt solnc fcatu] cs tliat  were not elaborated or ])rcscntccl  cmrlicr.

2.1. SIIL-C ]Lcgular  l)aiatake Sequence

A no]nillal  SIILC  scicllcc  datatakc scqucIIcc consists c)f onc-sccoI~d timed events in which tllc SIR-C  in-
strulncnt  assumes Cliffcrcllt,  conflguratio]ls (or states). l{cfcrmcilig to tllc conlmalidcd  datatalic  h41’;’J’,  these

cvm)ts take place ill 5 successive ])hascs. ‘J’lic  pre-datatakc  phase is about 90SCCS  hcforc tl]c comlnanded
MII;’J’ during wllic.]1 the S1lL-Cinstrumellt  is initialized and set u]) based on tllc cc)mma.lldcd  })aramctcrs.
‘J’IIc start-u}) cligillecring datatakc  ])llasc whic]l l a s t s  f o r  Gsccs  bcgills  at tile colnlnalldcd  h41;’J’.  l)uring
tliis 6-SCC. duration, tllccvent,s  arc ti]ncd  on tl)c second slid  call bc colnmandcd  to diflcmnt  o])tions.  Onc
cxam])]c:  1st sccolld:  rcccivc I[oisc o]lly, ‘2~ld SCCOIIC1: Inulti])]c  CW to]lc  WCC]), 3rcl second: a]ltclllla  I,NA
l’allcl  111’J’1;,4 tllscc.oIld:  antcnnalll’A  l’tiIlcl  l]l’J’1+;,  5thand6tllscconds:  t\~’ol)l{l~’s  dificrc:I~tfloI~l  that  for
tll(:scicl]cc(  la.tatak~:. Aftcrtllc  start-u  ])cnginccrin!;  p]lasc, SII{-C c.omlncnces  tllcscicllcc data a.c.quisition
])llasc for a c.om]nandcd  duration. IIy tlic end of tllc scic]lcc  data acquisition , Sill-C clltcrs  t,lIc trailing;
cngillccring  dat,atakc  for 6SCCS during which tlicrc arc 2SCCS  of diflcrcnt l)l{l”s  and 4SCCS  of rcccivc  o]lly
]Ioisc.  IIy tllc CIId of tllc trailin~; cmgi]lccrillg  da.taiakc, SI1{-C starts tllc ])ost-datatakc pllaso durilig  wllic.]1
tl)c subsystc]]~s  arc ~sllut  dowl accordi]lg to tllc coln]na]lclcd  i]]strulncllt  idle state. ‘J’l]c 5 phases of a regular
datatake arc dc])ic.tcd  in ]“ig. 2.

‘I’llcdata. collected [luring tllcstalt-u~)] )llascalld  trai]ilit;  })llasc alctobcllsc(]  forcllp;illccri Ilg J)llr]Joscs.
‘J’hc ]Ioisc only data provides an estimate of systcm noise, ‘JIIIC II]ulti])lc  CWT tol~c SWCC]) for 11 in-band
frequmlc.ies  ])rovidcs  an estililatc  o f  systcln trallsfcr  fullctioll. ‘J’IIc data flolll  I,NA l)allc’l  111’J’II; ])cr]nits
as sessmen t  o f  the  hcaltll of tllc antclllla l,NA’s (mc.civc) OJI tl]c ])a]lc]  basis. ‘J’l)e d a t a  froln tllc 111’A
l’al~cl lll’I’l;] )rc)vi(les  t]lcsamcfor  tllc a]ltclllia  I l l ’ A ’ s  (t]alls]nit).  (’J’lic  ]J]’A/],fNA lllrJ’]~, o])c:atioIl  \\i]l
l)c c]al)oratd  s]lort]y ill t]lc nex t  scctioIl, ) ‘J’IIc  d a t a  a c q u i r e d  at difj”clellt  ])]{]”S  otc~r  2SCC.S  cac.]1  ill t]lc

sta]t-u])  and trail ing})llascs arctobcuscd  in colijullction  with the data duri]l~ tllc scicncc datata.kc  ])llase,
a total  of t]lrec diflcrc~lt  ]’]{] (”S OVCI t]le target,  to rcsoll’c a~,ilnut]l  ])o])])lc] alllljigui  tics:{.

2.;!. Ant.cn]]a  111’J’R %ql]c!nc.c

‘1’llc  SI1{-C alltcnna. consists of two sc])arate, but sinlilar  ill design, allttnllas, OIIC for IJ-balld  and tllc
[)~]1(~1’ for (;-\) aJId. }’h C,ll O f  t]lc  aIltC’lllla S ;S all  aCtiVC  ])]allal”  ])]la SCd al”l’a~~ c.ollsistillp;  of 18 ])allcls  that a]c
fed tlirou~,li  ac.orl)oratcf cccl ]Ictwo]k. ‘J’licl,-balld  array has ]8(clc\atic)ll)  x{](azilllllt]l)  radiatioll  clelne]lts
and C - b a n d  IIas 18(clcvati  011)X18(a7,i lllllt]l).  ‘] ’]IcI  ladiatjol~  C] CIIICIIt  S AIC {lllal.])C)]aljy,atj~)Il  ( ] ]  al)d  V )  fed
Illicrostri])  ])atc.llcs. ]110]  CIVC]y r a d i a t i o n  c]clncnt, tllerc  arc two sct,s of tlallsll]it/lccei\,~  (’J’/]{) lnodules,
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sl.R-qFMQu_wsI_w’J  ENI
CTTA: Command, Timing, Telemetry Assembly
DDIIA: Digital lData Handling Assembly
DDF?E: Digital Data Routing Electronics
DSCU: DcployKtow Control Unit
PDA: Power Distribution Assembly
PHRR: Payloaci  High-Rate Recorder
RFES: Radio Frequency Electronics Subsystem

QrkERwlIu’LEMDAR LMus!l!)
lb&TRMEMtS
DPS: APL Data Processing Subsystem
X-SAR: X-Elancl  Synthetic Aperture Radar

E1.ELcl FKm!cs GRO.UNDSUPPQRI.EQU!P.MENI
BB: Bread-Board
D M X :  Dcmultlplcxer
DQA: Data Quality Analyzer
FMDM: F icxibie Multipiexcr/Dcmu itiplexcr Simulator
MET: Mission Elapse Time Clock
NFP: Near Field Probe
PCB: Power Controi Box Simulator
PDi: Payload Data Interleave Simulator
PMDM: Payload Multiplexer/Demultiplexer Simulator
PSP: Piayload Signal Processor Simuiator
SPAS: System Performance Analysis Subsystem
SSP: Standard Switch Panei
STACM: System Test and Calibration Matrix
TGS: Tabie Generation Subsystem
TPS: Telemetry Processing Subsystem

l“igul’c’  1: SIR-C lnstl’umcmt  and I’XSI’:  block  dia?;r’alll witlI tile acr’ollyIll  list.

sIAR1-uP SCIC  NCE
DA%AKE  -  + ‘1- [)AIAIAK[ ‘1-

1 F{AILING
- ENGIN[f  R I N G  DAIAIAKE  - [NGiNEf  WNG DATAIAKE  - * t ●  DA!:%K  E

.?.



L-band

lH -
lv -

LD -

eac.11 of which coIIsist

(x18)

If_
-- DD~

iiclg—

J
———————-. —.. — -----  ..—

1 R: 7 ransnlit/Flecehe  Modules
PS: Phase-Shif[ers
S“1 K: Habitation Elements
DD: Driver Dividers
4 One C-band panel contains twice as

many 1 f{ ’s/f ’S’s/Sl K’s, but no DD’s

11’igurc  3: SIR-C  1,-lm]ld alltcwna pallc] scllcmatic.

of  a high power aln]difim  (111’A)  and a low noise am])lificr  (liNA).  One set of
tllc ‘J’/lL’s  arc ded ica ted  to 11-])ol aIId tlIc otlIcr sc~ to V-1)01. III addition, two sets of ])hasc-slliftcm  arc
also iml)lcmcntcd,  again for 11-])01  and V-])o] rcs])cctively. ‘J’llc sc])arate  sets of “1’/1{’s  and l)hasc-slliftels
allow illdc])cmdc]lt  stccrillg  fo r  t.llc 11-])ol and V-})ol  hcalns. OIIc s])ecial  feature fol tlic SIIL-C antelllia is
the inclusion of W’ built-in text, equipment (lll’I’1  ;). ‘J’his ]nulti-])ort  coupler ta])s signals from each ‘J’/1{,
e n a b l i n g  tllc cwduatim  of t,llc lII)A’s  a.lld  plLase  shif ters  ill t]ic alitmlla trallslnit  ]Jath. It also a l l o w s
injection  of signals from the 10’ltS into tllc alitcnlla  reccivc path to evaluate tllc I,NA’s and tllc ])l~asc
slliftms. ‘J’lic scllcmatic.  of onc 1,-band  antmllla  pallc]  wit]l tlic ‘J’/l{’s,  pllasc snifters and Ill’J’It are s h o w n
in lrig. 3.

‘J’o utilize the antcml[a  111’J’II;,  tllc SII{-C instru~nellt iln~)lmnc]lts  me s])ccial tyl)c of data.take scqucltcc
f o r  cngincwring  l)ur]~ose c)]ily. ‘1’llm-c  arc 6 optimls  ill tllis 111’J’II;  datatakc  sequmic.e.

1.

2.

3.

4.

5.

(i.

111’A }’allcl  IIlr.l’l$  to rcc.eivcr:  ‘J’IIc  antenna is turllcd  011 one  lJaIIcl at a ti)ne ill suc.c.cssivc  order. ‘J’l\c
10’1(;S drive signs] traverses tllroug]l  tllc ])al,cl  11 I’A’s and ])hasc snifters through tlic 1,11 aILd/or I,V
])orts. ‘J’hc JI]g’lt-coup]cd signal returns to t]Ie ]{.]’1)S tlirougll t,lIc 1,11 ])ort. ‘J’lIe  sig]lal  is tl!cn  routed
t]lrougll tl]c lW1tS receivers and is digitized and recorded as IIig;ll  rate data.

111’A l’ant] 111~1’lI;  to I)C)WCI monitor: Same as tllc 111’A l’a]lel  lll’J’I(;  cxcc])t  tliat  tllc siglLaJ r e t u r n e d
to t}lc 1{1’’1’;S 1,11 ])ort is routed to tllc l)owcr lnoliitor ill tllc I{ IPI;S slid tllc  ll~ca<sumcl lJowcr delivered
as part, of the Ijelclnetry.

I,NA l’allcl  111’1’1;:  ‘J’llc 1{11’II;S delivers a CM’ signal to tlic antenna 1,11 ])o]’t 011 tllc ])ancl basis,  ‘J’iic
CW sig;llal is  coupled throug;]l  111’1’1; tc) tllc ])llase sliiftcrs and tllc I, NA’s, tllcn back to tllc 1{1’1;S
through  the 1,11 anti/or l,\~ ])ort, ‘J’lie si?,llal tlicn p,oes t]iroup,li  tlic 1{11’ItS  reccivcrs and i s  digitized
a.lld rccordcd  as lli~;ll  rate data.

.
111’A ‘J’/l{  111’J’lI; to rec.civcr: Same a s  tlic II1)A l)a]lcl  lJ1’J’II;  to rcccivcr  l,ut tlIc aI,tcllna  is l)cili~

tUII)d ON C)IIC ‘J’/l{  at a ti]nc.

11 I)A ‘J’/l{  111’J’II; to ])owcr moliitor: salnc as t]i(,  ]1]’A ]’a IId ]1]’J’];  to  ]~owcr IIlollit,or  IJllt  t,llc antmna

is ljcillg;  turllc(l  011 OI)C  ‘J’/l{  at a tilne.

l,NA ‘J’/R 111’J’II;: Salnc a s  tile l,NA l)ano] ]1]’J’];  l)ut t]ic alltcIllla  i s  IIcillp, tu]]lcc] 011  OIIC  ‘J’/l{  at a
ti]nc.



lIbr the l’aIIel  111’I’11:, tlIe 18 panels c)f the antclll(a  for each fqucncy  ball(l  arc tllr]~~~l  ~11 OIIC  pane] at
a. time suc.ccssivc]y, witlI a dwc]l tilnc of 64 ]JUISCS. ‘l’lie clitilc  array call  bc tested w’itllill ISCC. ]~or t]le
‘J’/l{ Ill’J’l;,  cacli ‘1’/11{ on cacli  ])allcl is turned on in succession fo] 16 ]) UISCS. It takes 3sccs to C.o]nplctely
test  tllc:c:lltirc:  array.  Note that  in tllcre~;~llar (latatakc,  tllelcarc also c) J)tioll  A Isccof  111’A I’MICI 111’I’II;
and lsccof I,NA l’a.rllel  lllrl’l(~in  the stall-up engineering datatake. ‘J’]lcilll  I)lclllclltatioll  of the 111’A l)anc]
lll’J’l;i stlicsal]~ca  stllclll’A l’ancl lll’I’l(;  tc)rcc.civer  illtllcs])cc.ial  lll’J’l(;  se(l~lcllcc,  lVllilctllcl/NA  l ’an t ]
lll’J’I’;  is tllc sa~nc as that in thespcc.  ial lll’J’I’;  stlqucllc.c. III aclditioll,  during  the sc.icncc clata.take phase,
tlIcl I1’A ])()~vcllllollitorill  tllcl{,l’I’;Si  sllscd  tolncasurcful]  array  transmit ])o~vcr as]lart oftllctclellletry,
a]lcl tllc C\V si~;llal  can bc routed  to citllcl  the full array of l,hTA’s Cm the allh.llna,  or to the RII’JIN rcccivcls
for difjtizatioll as high rate to monitor rcmiw ga,i n.

2,3.  Antc]Ina IIcam Null Opcration

‘J’IIc S11{.- C  illstrumcllt  ])rovidcs  an o])tiollal  Lcaln IIUII o])cra.tioll. As tllc SII{-C antc)llla  is a ])llascd
array} reversing t,l Ic phase shifters 180° in IIalf of the array clclncIIts  ill clcvatioll procluc.cs  an Clcvat,ion
])attmm that IIas ‘a notcli  at the borcsigllt  of the norlnai  pattern w’lIcn tllc phase sliiftcrs arc not rcvcrscd.
‘J’lIc illtcult  is to usc tllc null  beam  data to cstilnate  tlIc c.lcva.tion  allg)e wllcrc  tllc ]iull  occurs.  Assumil]g
that the IIUII  an.g]c  is  the same as the boresiglit  aliglc  of the  normal  beam,  tllc ra]lge antcm]la p a t t e r n  c a n
bc rmnovcd ]norc accurately. 1(’0] tile SII{-C illl]Jl(:lllclltatioll,  tllc null bcaln o])cratioll occurs o]Ic.c every
SOCWI]d  for o]lc intcrl)lllsc  dura,tioll  011 rcccivc oIIly  (not t ransmit) .

2.4. lntmrfcromctry  Mode Operation

‘J’llis s])cc.ial  C-halld VV only feature allows SI1{,-C to radiate frolll the entire C-balid array but receive
t]lc OC}IOCS from t]lc forward onc-t]li  rd a.Ilc] aft one- tliird of tlic array sc])aratc]y. ‘J’hcm  two signa]s  arc fed to
two diflwcwt r~ccivcr cl[anncls. ‘J’liis oj)cra.tion  cllables  S11{-(3 to operate  as all along-track intm-feromctcr.

2.5. l’)xtcnclm]  Swath Opcrat.  ions

‘J’l)crc are tllrcc  illl]~lclllelltatiol~s  ill the SII{.-C desig;ll  to extc])cl t]ic swatli co~’cragc t)eyo]ld  the ilistru-
II)cllt

1.

?.,

3.

2,G.

data rate constraint, witli a difl’cre]lt  })cnalt,y for cacll of tllc il~~])lclllcl~tatiolls.

lJSC a }Jair of II1)IIA’s to acquire data over tllc illulninated  swath. ‘J’llc 1st I) I)lIA ca])turcx tllc first
half of tllc echo and tile second  I) I)IIA ca})turcs tllc  ilnlnccliate scc.ond  l~alf c)f tllc CCIIO. ‘J’llis cxtcvldcd
swat]i o})cratioll  limits  t]lc data ac,quisitiol)  to 2 ]jolarizatiolls for a single frequency out of possib]c 4
polarizations, or 1 ])olarization  for cacll of tllc two frequcnc.ics.

lJSC two 1’111{.1{.’s to rcc.ord data, wllic.11 doubles tlIc data rat{:  tllrougll]~ut. ‘J’lIc  SII{-C I) I) RII;,  instead
of lnultiplcxing  4 I) I) IIA)S ])arallc.1  data to 1 sclial data  to o]ic ])]]]{,]{ ill lcgu]ar  o})cratioll, lllll]tilJ]cxcs
2 I) I) IIA’s })a.rallcl data to 1 serial data to cacll of tile 1’111/1{ ])air. }’0] 4 ])])] ]A’s, two ]’]]] {]{’s
will record data simultaneously. Additional lcsourccs arc rmluilcd clulillg;  lnission o})cratioll  and data
])roc.essillg.

USQ SCa It SAl{. o])cratio]l  ill w’hic]l tllc antc]l]la  I)cal]l  is sca]l]icd  ill c]cvatio]l for a llla~illllllll  of 4 allglcs
wit]l Inillilnuln  dwell tilnd of 30111 sQc~s. ‘J’]Ic d a t a  flolll  cac]]  a]lglc  alc t]l[,]l  l)IOCeSSCd and ]nosaic.ked
to forln a wider swath. ‘J’llis o])cratio]l  co~ll],licatcs  tllc lnissioll  ~)]allliill~,  a]lc] requi]cs  a d d i t i o n a l
data ])rc)cessing. ‘J’l)c  SII{-C i~~~])lcll~clltatiol~  ]in]its  t h i s  o])cratic)n  to  single l)o]arizatiol~  transmit
o])cratiolls  only.

Azimutl]  ‘] ’rac.king  O])eration

‘J’llis il[-l])lc:]~~el]tat,ioll  is also liIIOWn  as tllc “s])otlig]lt”  SAI{ o])cratio:~  d(lrillg  \v]lic]l  t]lc ~lltclll)a  Ijca,l]l is
stccrcd ill ay,imut]) to aiIIl at a fixed target OII tllc gIou IId as tllc Shuttle  travels l)y. ‘J’llis eflccti ve]y i ncrmses



the illu]ninatio]l t i m e  o f  the tarp;ct,  OJ il]crcascs  tllc synthetic  a]mtlllc lcllgtll,  lcadillr,  to filler  azi]nutli
rmo]ution.  ‘JIIc S I R - C  dcsif;ll  allows the allk.mIa  beam to be stccmd  ill azimlltll  ill rapid  suc.ccssioll, witl~
lnillilnum dwc]l time of 3011isccs.  (II) to 33 azimut]l a]glcs call  h COIIIIIIa II Cld,  and the stccrill$; direct ion
ca~] ho either  fcmvard or rcvcrsc.  Again, SIR-C is li]nitcd to single ])olari~,  ation  tra]lslnit o]ily  for tliis mode
of operation a]ld the processing is c.o]midera.bly  Inorc colnplicatcd  than  the noll)inal SAR  operation.

2.7.  40Mllz  O]~eration

‘1’IIc  SII{-C I) IJIIA’s  digitize the CCIIC) at a constant  rate of 45 MIIz.  As such, 40M11z si~;ILal  bandwidth
violates tl)c h’yquist criterion. ‘J’o effectively incrmsc  the digitization rate to 90h411z,  two IJI)IIA’s  are usc.d
as a ])air. ‘J’hc first l) I)IIA digitizes ihc si~;llal  from tllc rising edge of tllc digitization clock while the second
I) I)JIA digitizes it fmn the falling cdg;c  of the clock. ‘J’IIus  tllc two I) I) IIA’s digitixc the sa.mc sif;lLa.1 but
~~1 oviding altcr]latc  sa]nple.s. Whcu the two data  sets arc intcrlcavcd,  tllc CCJIO is cflcc.tivcly  being digitized
at 90 MIIz. As two I) I) IIA’s arc nccdcd  tc) di~;itizc  o]lc sig;lla],  tllc rcc.civc cl La Iincls arc lilnitcd  to two.

3, SYSTII;M  l’;l,}tC”l’lLONICS  IN”J’IIX;ILA’J’ION  ANI)  ‘l’I(;S’J’

‘J’lic Silt-C i]ltcgra.tion  alld test ]) JOCCSS call  Iw divided i]lto three ])llascs: subassembly test, subsystcln
i]ltcgratio]l and test  (l& ’J’), and syst,cn]  intqgation  a.]ld t e s t . ‘1’hc dcflnitio]l bou]ldary  bctwcml subsystcm
I& ’J’ and systcm I&.’]’ is based on tllc flight ha.rdwarc ill tllc test configuratic)]l.  As loTIg as t]lc f l ight
hardware available for tcstil]g can for]n a fu]lctio]ling radar, altllougl) ]Iot yet tllc c.o]n])lcte  S I R - C ,  tl~c
intclgratio]l  of the hardware picccs to forln that fu]lctionill~;  clitity  and tllc cnsui]lg test arc considered as
Systcln ]Cvcl.

‘1’hc Silt-C I& ’J’ process is dictated by two factom: (i) tllc subassembly fahlic.atio]l and subsystcm
intcgra.tion and test schcdu]c,  a]ld (ii) the decision to proceed with systcm  lCVC1 intcg;ratioll a]ld test even if
tllc “systcln” consists c]f only ])artial  SIIL-C lladwaIc. ‘J’IIc scc.ond factor  caablcs  ul~covcril~&  tllc. subsystcln
intcrfac.e  ])roblcms  at the earl iest  t ime ]Jossih]c. It also proviclcs  collti]lr;cncy  in case of sclicdulc cllanr;e
or ]Jr-ojcct  dc-sc.oj)ins  that a fully tcsi,cd  a]ld mini] llal]y fu]lc(io]li~lg  ‘( SyStCIII” will bc avail al)lc, 11 owcvcr,
as a result of this decision, the tllrcc phases of I& ’J’ activities Lcc.amc int,cr]cavcd and dc])c]ldcl(t 011 cacli

other. ‘J’his  c.cnn])licatcd  the I& ’J’ proc.css considcrahly,  as each pha.sc of lLzrJ’  a.ctivi  tics shared the sa]nc set
c]f rcsourc.cs,  IIa.mcly,  workforcc  and II; GSI(;. As sucli, it rcqui  ] cd a flcxi b]c al~d robust I;GSII; to C.O])C with
this dynamic pmccss.

3,1. I’XJSI’J  IIardwar-e l“unctiona]  llcscri]~tion

‘1’lIc SII{-C I’X; SII;  f o r  systcm lcve.1 tcsti]lg;  w a s  dcsif;licd  and im])lcmcntcd  using ])rilnarily  cxistin?,
subsystcJl~  test  cqui])mcnt wit]li]l  t]lc SII{.-C ])rojcct. ‘J’}lc  S i l t - C  1;(;S1; is SIIOWH  ill II:;. I wit]l  t]lc fiigllt
illstrumcnt.  ‘J’hc hardware call be classified illtc)  tllc follow~il~g  catcgorics:

1, SIIL-C brcacl-boards (1]11): ‘J’llc bread-boards WCIC built ill tllc early  ])llasc of S11{-{;  ])mject  to vqrify
S]](-C dcsig]l  bcfolc  production. 11’c)r tile systc]n  ICIVC1 t e s t ,  tllc 1{.1’1;S blcad. board  and LILC l)l)IIA
hrcad-board  were modified a]ld ]-c-coI]figu Icd. ‘J’llc IIlodificxl  1]1] efl’cctivcly  bmo]ncs  another radar
wit]iout  antcllna  with various SII{-C signals  avail  al)lc as test stililuli. It also ])crforllls as * c.ollcrcnt
]ec.civcr  witl] co]n])arab]c  bandwidths to ca])turc aIld ditjtizc  t)lc SII{-C transmit  sig]lals.  l]~tcrfaccs
were bui]t to allow cojnputcr  cc)lltrol  of tllc l/l’’l  HS 1111 l)ara]ncters. l)uri ILg; tllc test, tllc 1111 and tlic
flip;llt  instrument oI)cratc in a colll])li]ll[’]ltaly  ]]lallllcr. ‘J’]](’  1111 p;cnc]atm cllir])s tc) i]ljcct into tlic
SI){-C rcc.civcrs  wllcll  SII{-C is ill rcccivr. ‘J’lIQ  F,c]lcratio]i  of tllc cllir])s  is co]]erc]lt wit]l  the S11{-(1
flight  S’J’AI,() and synclironous with tllc fli~,lit  1’1{1’,  with acljustal)lc delay writlli]l i]lterl)ulsc  il~tc]val.
‘J)lIC 111] t]lus hchavcs as all CC.110  si]nulator,  si]l~ulati]i~;  a ])oi]it  targ;ct return of a(ljustal)lc  d e l a y .
\llllcll  SII{-C is  in tralls]nit,  tllc 1111 i s  used as a collcrcllt  rcccivcl  w]iosc refc]cllcc  l)asc frcqucllcj’



i s  pIovidcd l)y the flip;ht instru  Incnt, ‘Jle cllir}m trans]nittcd  from t}IC flight iIIStI UIIICII~ CM then
Im ac.quircd  in di?jtal  form for quantitative analysis. ‘J’his  confip;uratioll  lcsu]ts  in an ]’XSl<It,hat  i s
co]n])lctc]y  col]cmnt and sy]lcllronous  witlI tlIc flir;llt  i]lstrun~mit.

2. Sll~lttlc  illtcrfarcs  ilI~lllators:  ‘I’l~csill~~llatols~~ ’clcl~l lilt Imscd ml tllcorip,illal  drawill~,sof  the Sllutt]c
])allctsubsystcm  to which tllc SllL-Cfligllt  illstJulllcllt  will bcintcrfacml  ill tllc SIU~. I)uringtmting,
these silnulators  interface directly with SIR-C while tllc II;GSI;  in turn illtcrfaccs  to the silnulators.
‘JilIC silnulators  and Llleirfullctiolls  arc:

(a) l%yloacl  Signal l’roccssor  (l) S1’): lkc.ciws  SIR-C com]nands  from l;GS1; and delivers comlnands
t o  SII{-C  f l igh t  instrumcIlt.

(h) ]’ay]oad  ])ata  lnter]cavcr  (1’1)1): ]{eccivc.s$]]/-C  tc]cmctryfro~n S]]{ -C flig]lt  illstrulncmt,  and
dclivc.rs  to lI;GSI I;,

(c)l’ouc*Cc,~it*ol  llox(l’Cll):  Si*,]ulatcs ],allctl,oil,e] alId  colitrols  b u s  ]Jowcr to SII{-C flight
Sul)systmls,

( d )  l~lcxiblc hlulti})lexcr/l)  cIllulti])lcxcr  (l`hfl)h4):l  {ccci\csba  cku]lco I~lIllal~dsfIoIl~  }(;(~Sl(;  andw -
al)lcs SII{,-C,  tralismit  il~ backu]) opcratioli.

(e) hflission };la]w  ‘J’imc (A41;’I’) clock: ],rovidcx s t a n d a r d  tilnc rcfcrenc~ for the C’J’’J’A ill its il,i-
tialization.  ‘1’lLc h41{;J’  clock  is usually set at local  tillle durins  ille test. ‘J’}Lc  I’;GS}’; also inquires
a.lid uses the time as rcfcrcllc.c  for I’;GSI’;  co]ltm].

(f) Standard Switch l’ancl (SS1’)/A(iAl:  this is used only to cmlt]ol the X-SAR tilt operation.

(g) l’ayload hlulti])lcxcr/l) cI~l~]lti])lcxcr  (l)h41)h4):  Simulates serial 1/0(S10) orbiter attitude and
st,atc vector,

‘3. Custom-hui]t  equipment: of the II;GSN, the ]nost i]n])orta~~t ill this category arc the systmn test  and
calibration) matrix (S”J’ACh4),  tllc data quality analyz,cr  (I)QA), and tllc near field })]obc (N]’]’).

(a) SystmH  ‘J’cst a n d  t3alibration  h4atrix  (S’1’ACh4):  ‘Jlis a ,nulti-port  de,icc w],ose ,nain  fu],ction
is sig;nal  routi]lg a~id signal  level adjust]  ncnt. ‘J’llcrc  arc two S“J’ACh4’s: OIIC for 1,-band and the
otllct  for C- ba]icl. ‘J’hcI S’J’ACM’s ])cIIlnit  several test si?;l}a.1 sources to be selectively injcc.tccl
t o  tllc flight  i]lstrumc]it, and allows tlIe tra]lslnit  chirps from various channels of tlIc fli~;ht
instrulncnt  to bc routed  to various twit illstrulnc]lts.  ‘l’lie  signal SOUICQS  call  bc cliir})s  flom 1111,
CW, Ah4, or lloisc  Sig;)lals  from sy]ltllcsizc:rs. ‘J’IIc Srl’ACh4’s  have ])rccisio]l  attenuators to fiIIc
tu]lc tllc injcctcd  signal for optillla]  test level. Allothel”  functio~l of tlie SrJ’ACh4’s  is to prcwidc
lnollitor  ports to monitor  tllc sig;na]  in route  tjy ]Jowcr meters  or s})cctruln  analyz,crs.  ‘J’llc si~;llal
routill~;  })atlls  and attenuator settings ale  uIIder  colnl)utc].  co]ltro].

(l,) l)ata Qua l i ty  Ana lyzer  (l)QA):  ‘J’IIc custoln-l)uilt  equij)ll)cl,t  is desig~id to ca])turc tlic SI1{-C
digitized IIigll  rate  datti. ‘J’]](I lIQA detects  tlIc IIcadcrs in tllc IIigtl  rate data and caIi  s t a r t
acquiring t]tc data based 0]1 selected attributes in the ILcade]. O]IC attribute that is used lnost
frcquellt]y  is tl)c h41~rJ’ in the IIcadcr. ‘J’l]c  I)(JA also ])crforlns data trackin?;,  usili?,  t,hc ])scudo-
noisc code in tlic header  to cIIsurc  ?,ood  d a t a  trallsfcr, and d a t a  colll’elsic)}l  to accolnlllodatc
difl’ercl~t data forlnat  frc)ln  the I) I)IIA ‘s. A hlacintos]l co]ll])utcr serves as tllc ilitcrfacc  I)ctwccll
I)QA and tllc rest of the I; GSII;.  ‘J’IIc co)lll)illatioll  of l) QA/h4ac. alloJvs  acquisition of tllc hi~ll
rate data starting  fro]n a ])lc-(lctclll~illc{l  h41;rJ’  fo] a dcsilcd alnou]lt  of data ]lot cxc.ccdi]l~;  tile
1 )QA l~uflcr  siw.

(c) Near l’icld l’robe (N]’]’): ‘J’hc near field I,mbc is used o,,ly RI,(I,, tllc alltclllla I)anel  is Ulldcl
test.  It is a surface ])robc wllicll  ])crlnits dctcctio]l of surface  CUI ICIlt  011 cac]l  ]adiatioll  clclnelit
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. .

of the alltmlia when the a]lte]ina is radiating. It also allows tllc illjccti~n of test siwals into  the
alltclllla  pane] WlICII tlIc ]jancd is in ]cccivc..

<{. ~,cjln]ne.rc.ial  illstrulucnts: these arc tlie stalldal d illstrulnmts  found  ill ally lnic.rowavc laboratory,
~.& ]) OWC!l  lllCt(’IS,  S])CCtl Ulll aIla]yM!l’S,  OSCihCO])CS, ]Of;;  C aIlal~ZC’J’S. Most  of tllc instrummlt,s  arc
cqui])pcd wit,l] the gc.ncra] ])ur])osc  intcrfidcc  bus (G] ’111) control.

L< Com]]uters: ‘J’hm-eam4  computers, in addition totllc  Mac.’suse.d bytlie  llQA’s,iIl  tl~c II;GSII;.  AI1
the cwnputcrs  arc Iletworkcd  hy lXhc:rNct.

( a )

(L) )

(c)

( d )

‘J’cst  Sequc]ic.cr: ‘1’his is tlIe ccntlaj  coln])utcr  wllicll  coordinates tlie test activities. g’his COIn-

])ul,cr intmprcts  the test scque]Iccs, ancl based oll tl]c co]ktcmt of tllc scclucllcc,  sends comlnands
to set u]) I’;GSI’;  and to acquire data froln tllc  sclcc.tecl  instruments. It also sends Sll{-c  col)l-
ma.llds to tlIc flight instrument via PSI]. Oncc tllc test data arc acquired, the ‘J’cst  ScKIuc IIccr
crcatcs a. file, called  l)rea]nble, wllicll  contailis  all tllc test attributes, a]id adds tlic ]Jrcanll~lc  to
tJIc data file. ‘1’ILc data files arc tlicll  dclivcrcd to t]lc System ])crfo]lnallcc  Analysis Suhsyste]n.

Systcm  l’crformancc  Analysis Subsystem (SI’AS):  ‘J’his  co]nputcr  rcccivcs  data delivmcd  from
t.ltc ‘J’cst  :ScqucI~ccr,  extracts tllc ])rcalnblcs,  and inserts tllc ])rcalnblcx  into a. database. ‘1’he
in forma ticnl in the prcamldcs,  tlIus ill tlIc datahasc,  allows on-line i]lquiry of tlIc data att,ril)utcs
for file search and c.oln}jilatiol[. ‘1’]ic  clata  a n a l y s i s  s o f t w a r e  rcsiclcs  ill tliis c.o]n~)utcr.  ‘J’lic
software pac,kagc  il~cludes  radar si?;nal analysis and proccxsillg;  software. It also contains utility
])ro~raTns  for plcjitillg.

“J’clcmetry  l’rocmsi]lg Subsystc]n (’J’I’S): ‘J’llis  subsystcln  consists of two Inajor  mc)du]cs, tllc

tdc.metsy input  console (’J’lC) al~d tclmnctry output console (’J’OC). ‘J’hc ‘J’IC  is re.s])onsilde
for receiving and archiving; tile Sill-C tclcmctly  clclivcrcd  from flight  i~lstru]nc]lt  via tllc 1’1)1.
IL also clccommutatm  the. telemetry and colivcrts  raw data i]lt,o mF,inecling u]lits.  ‘J’lIC ‘J’OC
is rcs])ollsil)lc  for providing lnulti-collso]c  F;rap]lic telclnctry  disl)lays. ‘J’lIc color-coded dis])lays
allow the user tc~ cliscc.rn anomalies. Cl’lie ‘l’l)S can alsc) ])lay back arcllivcxl  telemetry.

‘J’able Gmlcratioll  Subsystcln  (’J’GS):  ‘J’llis c.oIillJutw  is used to su])])c)rt tlIc gcneratic))l  of various
tab]cs  tc) be used by tlic test scclucnccr. ‘J’here a)c tllrcc tablcx: co]ttro]  table, c.om]nand table,
allcl configuration table. ‘J’l]c  ‘J’GS contains tllc forms for cac.11 of the (ablcs. ‘J’lIc gcllcration
and usa~e of tllcsc tahlcs  will he dcsc.ril)ed  ill tllc next sec. tion.

3.2. IIIGSIII  Software l“unc.tiona]  l)csc.ril)tion

‘1’lle  software ill tl]c I’;GSI’;  is as c1 uc.ial to tllc I;GS1:  o])cratioli  as its IIardwarc  coulltcr])art.  ‘J’wo major
])icc.cs of ltGS1’;  software, tlic test control Softwale,  or test software (’J’SW) for snort, and I,]lc a)lalysis
software (A SW) WC]C designed and i ]n])lcmcllted.

‘1’llc II;GSJ;  ‘J’SW is a table -drivcli  test scx]ucllcillg  softwiirc  that msidcs in tllc ‘J’est Scx]ucIIccJ . ‘J’l\Io
]aycrs of tables  consisting of a total of 3 tal)lcs  aIc l)rc~)arcd  before  tllc test. ‘1’IICSC tahlcs were iln})lc)llc~lltmi
ill the ‘J’(; s usi]lg  cmnllncrcial  s])read-sllcet  softwa]c. .

1. (3cMItrol  ‘J’al)lc:  ‘J’his is tlIc’  to]) laycI table wliich dictates tllc test, sequcvlccs. 111 c’acll C)f tllc Scquenccs,
tllc contmlt  in the table ])rcsc.ribcs  tlIc activities ill that scquc]lce, wliic]l  IIlay include  scIlding S1l/-C
cwnmand  to t]lc fiif; ht illstrulncllt  and scndilg  coIIIIIlands to set up various IIX; SJI; illstrulncnts.  ]f
scndi]lg a S]]{-C coInlna]Id  is lcquirc’d,  the (;ont Io] ‘ J ’ab le  mfcls to a ta~)]e  in t]Ic secc)nd layer,  (]Ic’
Co]n]nand  ‘J’able. If tllc IIX; SI; sctul)  i)lvolvcs  the S’1’ACM’S,  then allotlicl  scIcc)IIcl-layer tal)le,  tllc
Collfip;  ul’ation ‘1’abl(!, is rcfcmnccd.  If tllc collllual}ds  arc to I)c sc]lt to colnnlcrcjal jl)S(I’UIll  CJlt S, tllcli



3.

tllc. c]ltry for tlkat i])strumcmt  w i l l  cmltaill  tl]c exact (;1’11]  co]nllland to send. IIi additio]l to prc-
scribil]~;  the I’IGS1’; ccj]nmalldin~;  activities, tllc Contro] ‘1’able  also contains relative tilllc illfomaticm
for the ‘J’SW to activate tllc illstrulncnt  at a ]Jrcscril)cd  tilnc. Sillcc! the SIR-C illstru  IllcIlt  Stat,cs  Cal]

Im rcfcrcIIc.cd  I1O t h e  t i m e  WIICUI  tllc datatak will  start,  the  ‘J’SW uses the sa]ne time to col[trol  t,lic
IIXSII;. As a result, the mtirc lI;CSE is syllcllronizcd  ill tilnc with the flif;ht  illstrumcwt  state. ‘J’llat
the lKJSlt  is c.al)ablc  of acquiring data ill any SIR-C state.s is critical to the. I’;GSI’;  design, ,ejvmi  the
fact l,ltat tile SIR-C state c.llalges  w’itllin a datatalic  (Sec. 2.1).

Ccxnlnand ‘J’a.b]c: ‘J’his is tllc second-layc] tal.dc which is m. fcmlccd  by tlIe Cc)ntro]  ‘J’able wllc)]ievcr
tllcm is a. need to scud a. SIR-C c.omn]a.I\d  to tllcfliglit  illstru]ncnt. ‘J1liC Colnma.nd  ‘.l’able  contail[s
all tllc 51’2-bit SII{,-C com]na~ids  to bc USX1 for a test sc.ssioIl. 7’IIc  gcmcration  of this table involves
3 skqm. ‘J’IIc USCI first prepares a. user entry  table  W)IOSC  form ])artitic)lis tlIc 512-bit C.omma]ld into
self-cx])lanatory ficlcls, Oncc the use]-cultry taldc is ccnn])lctccl,  the second table is auto]  natic.ally
g;cmcratc!d  wlIcm cac.11 field is clIcckecl  for its lilnits  and ilitc:l-cle})cllclclicy  to other fields. As a result,
tlIc second, :wrified table is devoid of human  errors. ‘J’his table, still in uscw readable form, is included
ill tile t e s t  proccdurc  for rcfcrc]lcc  slid arcllivc. At tllc s;lne time, the verified taldc  is convcrtcd
autolnat,ica]ly  into  512-bit form as tl~c. itll)ut to tllc ‘J’SW.

Collfiguratioll  Table: ‘J1his  is the other  second-layc.r table which is rcfcrmced  by the ~olltrol  ‘J’able
w]icJIevm the S’J’AChl’s  are to k comlllalldcd. (g’]lis is actually two tables, OIIC for 1,- band altd onc
for C- band.) ‘J’lic Coltfiguratio]l ‘J’ab]c  cc)l~taills  every ])aralllctcr  llecdcd  for controllilig;  t,hc SrJ’ACM’S.
Again,  the USCJ  prepares the user-entry  table and fro]]]  w’hic.h  a bijlary  table is autc)matically  generated
to bc used by tllc ‘1’SW. As there arc o]lly l imited ]lumber of S“J’ACh4 co]nbi]lations,  the salne
Configuration  ‘1’aldc  call  Lc used for mom than onc test.

Since all the lIX; SII; setups arc prescribed by tab]cs, and the ‘J’SW USC.S tllcsc taldcs as in])utsl  the major
ful~ctioll  of tlic ‘J’SW is to lmrforln  table intcw])rctation  and,  based 0]1 tllc inter  j)letation,  to coorclillatc and
cxccutc  t]lc a.ctivit,ics  in  the Control ‘J’ab]c. ‘J’llis cllablcs  tllc dcsigll o f  ‘J’SW to  lJC sutlicicntly  gc.llcric.
wllilc lcavillg lnost  of tllc detailed test  dcsigll  act ivi ty ill the tables. ‘J’llis offers tllrcc lnajor  advalitagcs.
li’irst  tllc ‘J’SW rmnains  relatively stable throughout tlw I& ’J’ IJ]OC.CSS. %cond,  tile tables tllmnselvcs  leave
t]accablc  records for tllc cxccutcd  tests.  ‘J’llird,  tllc ‘J’SW allows selecting;  a portion of t]lc test scqucncm
to bc cxc.cutcd,  l)rovidin~;  the flexibility in tailo]in$  the test dulatiol)  to the allocated time.

‘J’]Ic second lnajc)r  piece of 14;GSI;  softwa.rc, the analysis software (ASW),  resides ill tllc S1’AS. ‘J’hc
test data., tlIc IIig;ll-rate data in })artic.ular,  acquired duril]~ tlIc test arc dc]ivcrcd to tlIe SI’AS by tllc ‘J’cst
Scqucllc.cr.  As tllc ‘J’SW  il~ the ‘J’cst Sec]uc]lccr  is lcs))ollsiljlc  for coIltrolli)lg  tile test ac.tivitics, it IIas tllc
detailed  information oIl tlic test setup. ‘J’his information is gcllcratcd  by tllc ‘J’S\$~ as a l)ara]llctcr  file, the
})rcalnblc,  a]id attac]lcd  tc) the raw test data hcfolc delivery to t]lc S])AS. AN integ[a]  ])art of tl)c A S W
ill tllc SI)AS is tllc com]ncrc.ial  database software tlltit extracts tllc l)rcalnb]c from t,l Ic dclivcrcd data and
coII\’crts it ijito tllc da tabase . ‘J’llis datal)asc  tlICII  ])mi~idcs  a  t e s t  da ta  cata]o:; w]lic]l  allows  oII-scrccI)
cllquiry of tllc test data based on test attributes. AnotlIcr illtcp,lal  ])art c)f tllc AS\4r is tllc. r adar  signal
analysis  mId ])roccxsing  sof(warc ])ackagc  whic]l a l l o w s  JIIC ])loccssill?,  and allalysis of (]lc t(,st data. ‘J’l\is.
l)aCkaF;(! illcludcs softw’arc  t o  ])roc.cws  and a]}alyzc cllir])s, C\lT sip;nals  and IIoisc. Solnc of the ])rog;rams
direct ly illtclact wit]l the datahasc  to ]Jcrform  ]nassive data  ])mccssillg. It also contains  s])ccial  sc)ftwarc
to ]mrforln data calil)ration  and alltelllla ])attcrll calculatioli  atld eva lua t ion . ‘J’]lc  ICSU1(S to be ])rcsclltcd
in tllc IIcxt scctioll  arc ])crforlncd  by the AS\Y i]] tllc S]’AS.
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‘J’al.Ilc 1: 111’A slid l,NA ‘J’/l{  Ill’J’l{; Icsult,s fmn CMic. 1,-hand autcwna  pane]. ‘J’hc a~nplituclc  dcviaticnl  (AA)
i] I d]] and ])IIMC dcviatioll  (Aq’~) in dcg;rcm fm tlIc cdcvatioll  radiatiol] clc]nmts  ( s t i c k s )  arc the lmtwcwn
tlie 5° clcvatio]l beam and the 0° broadside bca]n.

As of t,hc writing of this ]R})cI,
flexibility of tllc I’;GSH has proven

4, l, Arl’l’XrJ’  lUUSIJlf  J’S

SIR-C is at tlIc IKXik  of the system i]ltcgratio]l and test p r o c e s s .  ‘J’hc
to bc critical to lnailltain  tlIc tight  schcdulc. in the ])roce.ss, a large

qualitity  of test data has bccm acquired. As the test data arc bcillg,  analyzed, tile results arc illcorporat,cxl
illtc,  tllc system ]nodc] to update the system ])clfol  lna.nc.c. 111 this scctioll, wc select  solne test results  whic]l
relate to Silt-C s])ccial desig;ll  feature.s that nlay have iln]mrtant  iln])lic.atiol~s  to future systcnn  design,
followed by tile latest systcvo  ])crforn]allcc u])datc.

4 . 1  ‘J’cst ILcslllts

‘J’lircw test results, ea.cll of whic]l  is related  to tllc SII{-C s])ccial  fcat,urcs  described earlier, are ])rcxmltcd
ill tl}is  section. ‘J’llc first is tl)c results froln antenna  111’A mld I,NA ‘J’/ll.  Ill’J’l;  (%x. ‘2.’2). ‘J’llc antcnlla
was commandcxl to forln beams  at, two diffcrcvlt  elevation anp;]cs,  00 at broadside a~ld 5° rcs])cctivc]y.  ‘J’lic
111’J\ ‘J1/l{ 111’J’II;  t o  rcccivcr mid tile I,NA ‘J’/l{  111’J’lI;  scquc]lccs  W(:K cxcx.utcd  f o r  cacll  a]lg;lc.  Using tllc
0° data as the rc.fcrcmce,  the deviation of the 5° data ill amplitude a]ld pllasc as cstilnatcd  from the test
data is ]~rcxc.ntc.d  itl ‘1’able 1 for tllc 111’A and I,NA ‘J’/l{  Ill’J’l<;. ‘J’]le  tlleore.tics] alll]jlitude  deviation  is Odll
a]ld phase dcviaticln is as sllowl]  in tllc tahlc. ‘J’IIc results SIIOU  that 1{1’ 111’J’I;  call be used as a tool tc)
]Ilo]litor  the ]Ica]tlI  of tllc ‘J’/l{.’s  and tllc values of the ])]lase-sllift~rs  du]ill:, tlie ]Ilissio]l,  ‘J’]Ic test r e su l t s
also indicate that tlm data can bc used to calculate tllc actual a]ltc]]]la  ])attcrn  during; tllc ]nission.

‘J’lIc scc.o])d test result  tc) be l)rcscnt,ed is  tllc bca~n IIU1l oJ)clatioIl  (Sec. 2.3). l~igurc  4 S]IOWS t w o  1,11
alltclilla elevation })attcrlls c.alculatcd from tllc test data. ‘J’llc first is t]ic trallslllit  })attcrli,  c)r tl)c ]LcJn-]Iull
l)attcrll  and tile secc)ud is tl]c rc.c.c.ivc ]~attcrli,  0] tl]c null  pattc]  II. ‘J’lic IIul] ])attv] II is ge]lcrated  OIICCI e v e r y

sm.c]nd  foy one i]lter])ulsc i]lterval during  mceivc if tlic  IIUI1  c)])tic)ll is cc)]n]]~a]]dcd 011. hTotc t ha t  tllc notcli.
ill tllc IIU1l  ])attelll  oc.c.urs  a t  tllc  l)c)rcsi?,llt  o f  tile IIOII-IIUll  l)attcrI1.

‘1’lIc’  tll!rd  test  result  is tl]c 40Mllz  o])c]atio]} (Sec. 2 ? . 7 ) .  l’ip,u]c 5 s h o w s  t]l( c]lirl) sl)cct]u]l]  a]ld tl]c
col]]]~rcsscd  result. A test 40h411~,  chirl)  was i]]jcctcd  i]lto t]lc SIR-C, recei~~crs aJId t]lc signal  was digiti?,c’d
l)y two l) I) II A’s, o]ie digitizing at tile rising edp,e of t])c dip;iti~,atioll  (]ock and t]le Ot]lcl  t]lc fal]i]l~, cd~;c.
‘J’IIc  dirjtizd  data froln tllc two l) I) IIA’s were illtcrl[’avcd. ‘1’llc Coln])rcsscd  cliir]) co}n])]ics  wit,ll  t,llc  S}’StC’111

rqui rcII}cIIts for rcso] utio]l and sidc]obcs.
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l’i~,ure  4: SII{-C a]ltcllna  1,11 JIon-nul] traIisItlit clcvatio]l  IJattcrn vs. IIull receive elevation ])attc.rl~

4 . 2 .  SIIL-C l’erforlnas~ce Ul)clatc

‘J’l)e SII{.-C systcm performance is ljeilig upclatcd as tlie ]iew test results arc available.. ‘J’lic fig;urc of
lnc]it fc)r s-ysl,cln  ]jcrformallcc  ]Jrcscnted  ill tl~is  scc.tion  is tllc IIoisc  cc]uivalcnt  U. (N II;UO). ‘J’llc N](;oO is t]lc
difi’cl clltial scattering cross-section 00 of a llc)mogcncckus  targ;ct  on the ground wlIose  CCILO level is equal tc)
tllc i nstrulnm~t ilitcrlial IIoisc level. ‘J’hus  tllc Nlbo s]wcifies the sensitivity of the instru~ncnt  such that
only targets  witlt  IIigllcr O. can Lc dctcc.ted. l“igurcs G(a) a~ld G(b) ale tile NII;OO of tlic SIR-C 1,-bal~d
and C-band instrumcmts  rcs])cctivcly, ‘JIIIC set of curves arc related to diflkrent  bcaln widt}ls lJrocluccd  by
tile SII{-C al]tcnlia  by contrcdling t,lLe plkasc-sliiftcrs,  IIc.alnwidtll  1 bcillg t}tc  Ilarlowest  beaIn,  t]lus ILaving
t h e  hig;llcst  dircctivity,  and IIca.lnwidtll  8 bcil~g tllc brcmdcst  Lwam. ltach curve mids  wlic]l tllc alnbip;uitics
cxc.ccd tllc - 2(ldll  rcquimmcnts.

5. CON CI,US1ON

l]) this pa])er,  wc first dcscrilmd so]nc of tllc SI1{-C fcatums  tliat  llavc IIot bccll ])rcumltcxl  or elaborated ill
detail car]icr.  With all tllcsc dcsigl~  features, S1lL-C ii,sclf  is a dcll)ollstratioll  of s])accbornc  SAI{ tccllnolog;y.
‘J’llc c.olnp]cxity  o f  SII{,-C ])OSCS  a forlnidable  cllallmlgc  ill i t s  irltcgratiol~  and test.  ‘J’lLC S] I{,-C II; GSII;
])mxvltcd in t h i s  papm is cqual]y, if not lnorq coIII}dcx tllaIl  i t s  f l j . g i l t  coulltcrl)art. ‘1’lIc f l e x i b i l i t y  al~d

r o b u s t n e s s  ill tllc lIX~lt  dcwig;n  antic .i])atc tllc dy]lamic a~ld  COIII1)lCX  IIatu K! o f  SIR-C, l~~,rl’ ])roccss.  ‘J’]Ie

l~i?;urc  5 :  S1l{-C 40h411z cliiI]j colnl)rcssioll vcrifyi]lg,  tllc 401411Z  o])e]atio]l.
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diflcwcnt  bcmlnwidt]is  and look al]glc ill terlns  of Iloisc.  cquivalcmt

lnost]y autmnatccl  test sec]uenc.illr;  iIn})rovcs  tltc  tlIroup;l  I1lut cjf tllc test data acquisitioli, IIlillinlizm  IIumall
errors, allcl shortwls  the t,est l,ilne.  ‘J’iIc  intc:grated  clid-to-cllcl  dcsif;ll,  froln test definition to test scquenci]lg,
data acquisitio]l,  allcl data  analysis, ]Ias ])rove]i to bc clitical  tllroug;llout  the still c)n-p;oillg I&’J’.
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